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Abstract

Background

Ramadan fasting is compulsory for all healthy adult Muslims. Although sick people are
exempted from Ramadan fasting, some patients such as hemodialysis patients prefer to
fast during Ramadan. The effect of Ramadan fasting on clinical outcomes and biochemical
markers among hemodialysis patients is not clear. The aim of this study was to examine the
effects of daily Ramadan fasting and partial Ramadan fasting on key biochemical and clini-
cal markers among hemodialysis patients as compared to hemodialysis patients who chose
not to fast during Ramadan.

Methods

A prospective cohort study of 269 end stage renal disease patients were recruited from the
hemodialysis unitin An-Najah National University Hospital, Nablus, Palestine. The partici-
pants were divided into three cohorts based on their plans for fasting during Ramadan in
May 2018; Ramadan fasting group (RFG), Ramadan partial fasting group (RPFG) and
Ramadan not-fasting group (RNFG). Key clinical and biochemical markers were measured
before, during and after Ramadan.

Results

After adjustment for diabetic and hypertension status and other sociodemographic variables,
RFG had higher mean inter-dialytic weight gain (IDWG) by 0.62 kg than RNFG (95% confi-
dence interval (CI) 0.26, 0.99). RPFG also had slight increase in mean IDWG than RNFG by
0.35 kg (95% CI 0.11, 0.60). Additionally, RFG and RPFG had significant increase in mean
serum potassium as compared to RNFG. Diabetes was independently associated with
increased IDWG by 0.48 kg (0.25, 0.72). Diabetes and hypertension were associated with
some independent changes in biochemical markers, but these were clinically negligible.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218745 June 24, 2019

1/11


https://doi.org/10.1371/journal.pone.0218745
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0218745&domain=pdf&date_stamp=2019-06-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0218745&domain=pdf&date_stamp=2019-06-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0218745&domain=pdf&date_stamp=2019-06-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0218745&domain=pdf&date_stamp=2019-06-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0218745&domain=pdf&date_stamp=2019-06-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0218745&domain=pdf&date_stamp=2019-06-24
https://doi.org/10.1371/journal.pone.0218745
https://doi.org/10.1371/journal.pone.0218745
http://creativecommons.org/licenses/by/4.0/

@ PLOS|ONE

Effects of Ramadan fasting on hemodialysis patients

Conclusion

Our findings suggest that Ramadan fasting (fully or partially) is tolerable by hemodialysis
patients and is not associated with important clinical complications. However, these
patients should be made aware of the potential risk of fluid overload and hyperkalemia,

if they decide to fast during Ramadan. Thus, they should be closely monitored and
instructed to adhere to their dietary and fluid intake allowances. Further prospective
cohort studies with comprehensive dietary measures and information on adverse clinical
outcomes may provide more evidence about the tolerability and safety of Ramadan fast-
ing by hemodialysis patients.

Introduction

Ramadan is the ninth month of the Islamic lunar calendar during which all healthy adult
Muslims are required to abstain from eating any food and drinks from dawn to sunset, with
special exceptions for those severely ill, menstruating females, pre-pubertal children and
travelers [1-3]. The effect of Ramadan fasting on physiological and biomedical markers
among healthy individuals has been widely studied. Research evidence suggests that Rama-
dan fasting is tolerable and safe for healthy adults [3-9]. Ramadan fasting was found to be
associated with beneficial effect on the lipids profile, fasting blood glucose, and body weight
among healthy subjects [10-13]. Other studies reported that Ramadan fasting is not associ-
ated with significant adverse effects on function of different body systems [14, 15]. Despite
the fact that Islam permits sick people and those with significant health problems not to fast
[11], many patients still prefer to fast during Ramadan. Several studies have examined the
effect of Ramadan fasting on physiological and biomedical markers in patients with kidney
diseases. Ramadan fasting was not associated with significant adverse effects in kidney trans-
plant patients after one year of kidney transplantation [16], or urinary risk factors for calcu-
lus formation [17]. However, research findings on the safety of Ramadan fasting by patients
with chronic kidney disease (CKD) on maintenance hemodialysis are mixed and controver-
sial [18, 19]. Some studies have reported that Ramadan fasting was associated with significant
changes in clinical and biomedical markers, such as fluid overload and hyperkalemia, but
with no significant complications requiring hospitalization [3, 20]. Other studies found no
clinically important variations in biomedical markers in hemodialysis patients during Rama-
dan fasting [21, 22]. Due to the lack of clear evidence about the safety of Ramadan fasting by
CDK and hemodialysis patients, the International Diabetes Federation and Ramadan Inter-
national Alliance consider these patients to be at very high risk, and are, therefore, exempted
from Ramadan fasting. Despite this, the literature suggests that significant proportions of
hemodialysis patients still decide to fast during Ramadan. For example, one large multicenter
study in Egypt reported that out of 2055 hemodialysis patients 18.5% and 28.4% chose to

fast daily or partially during Ramadan in 2016, respectively [23]. The aim of this prospective
cohort study was to examine effects of daily Ramadan fasting and partial Ramadan fasting on
key biochemical and clinical markers among hemodialysis patients as compared to hemodi-
alysis patients who chose not to fast during Ramadan. We hypothesize that Ramadan fasting
is tolerable by hemodialysis patients and is not associated with significant changes in bio-
chemical markers.
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Materials and methods
Study design, setting, and population

This prospective cohort study was conducted between April and July 2018 at the Dialysis
Center of An-Najah National University Hospital, Nablus, Palestine. This hemodialysis unit
is the largest dialysis center in the region with more than 320 patients receiving hemodialysis
and peritoneal dialysis therapy. All participants were end-stage renal disease patients aged
18 years or older, who were on regular hemodialysis, three times per week with an average
of 4 hours per session. Ramadan fasting days in 2018 occurred between May 16", 2018 and
June 14™, 2018. The average fasting hours was about 16 hours with an average temperature
of 27 degrees Celsius. All participants provided written informed consent for participation
in the study. The Institutional Review Board of An-Najah National University approved the
study.

In April 2018, we invited patients to participate in the study and asked them about their
plans for fasting in Ramadan. Then patients who agreed to participate in the study were
grouped into three cohorts. The first cohort included those who planned to fast daily during
Ramadan (Ramadan Fasting Group (RFG)). The second cohort included those who decided
to fast daily during Ramadan excluding hemodialysis days (Ramadan partially fasting group
(RPEG)). The third cohort included patients who decided not to fast during Ramadan and
continued their dietary habits as usual (Ramadan non-fasting group (RNFG)). The patients
were informed to continue their own medications and dietary habits/restrictions during the
period of the study.

Data collection

Demographic and clinical characteristics were collected from patients and their medical rec-
ords. These included age, gender, number of years on hemodialysis, diabetic status (yes, no),
hypertension status (yes, no), inter-dialytic weight gain IDWG), and education level (primary
education, secondary education, college). The biochemical parameters were: serum levels of
potassium, phosphorus, albumin, calcium, sodium, blood urea nitrogen (BUN), creatinine,
hemoglobin, platelets and erythrocytes count. The biochemical measurements were collected
one month prior to Ramadan fasting. The biochemical measurements were then collected dur-
ing the second week of Ramadan and two weeks after the end of Ramadan. All biochemical
parameters were collected before the start of the hemodialysis session on the three data collec-
tion occasions. All blood samples were sent to the laboratory for analysis immediately after col-
lection and were analyzed on the same day.

Statistical analysis

The biochemical and demographic characteristics of the participants were summarized
using the descriptive statistics. Means with standard deviation (SD) were used to summarize
continuous variables and frequencies with percentages for categorical variables. We used
t-test and ” test to examine for any statistically significant differences between the three
cohorts on demographic and clinical characteristics. To account for any within individual
variations in outcome measures, repeated measures analyses using linear mixed-models
were used to examine for any significant differences between the three cohorts in biochemi-
cal parameters before, during and after Ramadan. All outcome variables were normally dis-
tributed and no data transformation was needed. Any p-value less than 0.05 is considered to
be statistically significant and all analyses were conducted using the SPSS computer software
version 23.0 (IBM Corp).
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Results
Baseline characteristics of patients

Two hundred sixty-nine patients were enrolled and all of them completed the study. Thirty-
one patients were in the RFG, one-hundred and two patients were in the RPFG, and the
remaining one-hundred and thirty-six patients were in the RNFG. All patients completed the
study without any changes to their original Ramadan fasting group choice. The mean age of
participants was 57.5 years (SD = 13.6) and 151 patients (56.1%) were males. About 45.7%
(n=123) and 41.3% (n = 111) had diabetes and hypertension, respectively. The mean duration
on hemodialysis was 3.2 years (SD = 3.7). The baseline demographic and clinical characteris-
tics of patients by Ramadan fasting group are summarized in Table 1. There were no signifi-
cant differences between Ramadan fasting groups according to age, gender, duration on
hemodialysis, and hypertension status. However, there were statistically significant differences
between groups according to diabetic status and education level. RNFG had a higher propor-
tion of diabetic patients (58.1%) than RFG (38.7%) and RPFG (31.6%). RFG and RPFG had
slightly higher education level than RNFG.

Effect of Ramadan fasting on biochemical parameters

After adjustment for diabetes and hypertension status and other statistically significant demo-
graphic variables, RFG had higher mean IDWG by 0.62 kg than RNFG (95% CI 0.26, 0.99; p
0.001). RPFG had slightly higher mean IDWG by 0.23 kg than RNFG, (95% CI 0.11, 0.60; p
0.005). RPFG had increased serum creatinine by 0.77 mg/dl than RNFG (95% CI 0.30, 124; p
0.001), but no significant difference in serum creatinine was found between RFG and RNFG
(Table 2). RFG had higher mean serum potassium than RNFG by 0.48 mEq/L (0.26, 0.70; p
<0.001), but there was no significant difference in mean serum potassium between RPFG and
RNFG.

Independent effects of diabetes and hypertension on biochemical variables

Diabetic status was a significant predictor of a number changes in biochemical parameters
independent of Ramadan fasting. Diabetic patients had high mean IDWG by 0.48 kg than

Table 1. Baseline demographic and biomedical characteristics of hemodialysis patients by Ramadan fasting group.

Variable RFG (n=31) RPFG (n =102) RNFG (n = 136)

Age 56.9 (11.5) 55.2 (14.1) 59.4 (13.4) 0.064
Gender

Female 10 (32.3) 42 (41.2) 66 (48.5) 0.202
Male 21 (67.7) 60 (58.8) 70 (51.5)

Education level

Primary school 26 (83.9) 76 (74.5) 123 (90.4) 0.009
Secondary school 3(9.7) 23 (22.5) 11 (8.1)

College 2 (6.5) 3(2.9) 2(1.5)

Duration on dialysis (years) 2.4 (2.6) 3.7 (3.8) 3.0(3.8) 0.202
Diabetic Mellitus status

No 19 (61.3) 70 (68.4) 57 (41.9) <0.001
Yes 12 (38.7) 32 (31.6) 79 (58.1)

Hypertension status

No 18 (58.1) 63 (61.8) 77 (56.6) 0.725
Yes 13 (41.9) 39 (38.2) 59 (43.4)

Data is either Mean (Standard deviation) or Frequency (%). RFG, Ramadan fasting group; RPFG, Ramadan partial fasting group; RNFG, Ramadan non-fasting group.

https://doi.org/10.1371/journal.pone.0218745.t001
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Table 2. Adjusted” effects of Ramadan fasting on clinical and biochemical parameters.

Biochemical variable Predictor Variable Effect estimate (95% CI) SE of effect estimate | Mean (95% CI) SE of mean | P-value
Inter-dialytic weight gain (kg) Intercept 4.25(3.70, 4.81) 0.28 - - <.001

Group

RFG 0.62 (0.26, 0.99) 0.19 3.80 (3.49, 4.15) 0.17 0.001

RPFG 0.35(0.11, 0.60) 0.13 3.55(3.37, 3.74) 0.09 0.005

RNFG Ref - 3.20 (3.04, 3.36) 0.08

Diabetic status

No Ref - 3.25(3.07, 3.43) 0.09

Yes 0.48 (0.25, 0.72) 0.12 3.74 (3.56, 3.92) 0.09 <0.001

Hypertension status

No Ref - 3.45(3.28, 3.62) 0.08

Yes 0.18 (0.05, 0.41) 0.12 3.63 (3.44, 3.82) 0.09 0.123
Albumin g/dl Intercept 4.03 (3.83,4.22) 0.10 - - <0.001

Group

RFG 0.05 (-0.08, 0.18) 0.06 3.82(3.70, 3.93) 0.06 0.448

RPFG 0.08 (-0.01, 0.17) 0.04 3.85(3.79, 3.92) 0.03 0.055

RNFG Ref - 3.77 (3.71, 3.82) 0.03

Diabetic status

No Ref - 3.87 (3.81, 3.93) 0.03

Yes 0.12 (0.04, 0.20) 0.04 3.75(3.69, 3.82) 0.03 0.004

Hypertension status

No Ref - 3.77 (3.71, 3.82) 0.03

Yes 0.09 (0.01, 0.17) 0.04 3.86 (3.79, 3.92) 0.03 0.026
Creatinine mg/dl Intercept 10.11 (9.05, 11.18) 0.54 - - <0.001

Group

RFG 0.31(-0.38, 1.01) 0.35 8.14 (6.99, 9.29) 0.58 0.378

RPFG 0.77 (0.30, 1.24) 0.24 8.55(7.91,9.20) 0.33 0.001

RNFG Ref - 8.11 (7.55, 8.67) 0.28

Diabetic status

No Ref - 8.39 (7.76,9.01) 0.33

Yes -0.52 (-0.97, -0.07) 0.23 8.14 (7.50, 8.78) 0.32 0.023

Hypertension status

No Ref - 3.87 (3.81, 3.93) 0.03

Yes 0.72 (0.28, 1.16) 0.22 3.75(3.69, 3.82) 0.03 0.001
Blood urea nitrogen mg/dl Intercept 66.42 (59.50, 73.34) 3.51 - - <0.001

Group

RFG 2.09 (-2.36, 6.54) 2.25 58.51 (54.51, 62.52) 2.04 0.355

RPFG 2.36 (-0.65, 5.37) 1.53 58.78 (56.49, 61.07) 1.16 0.124

RNFG Ref - 56.42 (54.51, 58.34) 0.97

Diabetic status

Yes Ref - 57.53 (55.46, 59.59) 1.05 0.599

No 0.76 (-3.61, 2.09) 1.45 58.29 (55.95, 60.62) 1.19

Hypertension status

No Ref - 55.63 (53.60, 57.65) 1.03 0.001

Yes 4.56 (1.77,7.34) 1.42 60.19 (57.85, 62.52) 1.19

(Continued)
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Table 2. (Continued)

Biochemical variable Predictor Variable Effect estimate (95% CI) | SE of effect estimate | Mean (95% CI) SE of mean | P-value
Potassium mEq/1 Intercept 5.52 (5.18, 5.85) 0.17 - - <0.001

Group

RFG 0.48 (0.26, 0.70) 0.11 5.38 (5.18, 5.58) 0.10 <0.001

RPFG 0.12 (-0.03, 0.27) 0.08 5.03 (4.92, 5.14) 0.06 0.104

RNFG Ref - 4.90 (4.81, 5.00) 0.05

Diabetic status

No Ref - 5.10 (5.00, 5.20) 0.05

Yes 0.01 (-0.14, 0.15) 0.07 5.11 (4.99, 5.22) 0.06 0.931

Hypertension status

No Ref - 4.99 (4.89, 5.09) 0.05

Yes 0.24 (0.10, 0.38) 0.07 5.22 (5.11, 5.34) 0.06 0.001
Phosphorus mg/dl Intercept 5.62 (4.96, 6.28) 0.33 - - <0.001

Group

RFG 0.12 (-0.32, 0.55) 0.22 4.86 (4.47, 5.25) 0.20 0.600

RPFG -0.11 (-0.40, 0.19) 0.15 4.64 (4.41, 4.86) 0.11 0.471

RNFG Ref - 4.74(4.56, 4.93) 0.10

Diabetic status

No Ref - 4.85 (4.65, 5.05) 0.10

Yes -0.20 (-0.48, 0.08) 0.14 4.65 (4.42, 4.87) 0.12 0.154

Hypertension status

No Ref - 4.57 (4.38,4.77) 0.10

Yes 0.35 (0.08, 0.62) 0.14 4.92 (4.69, 5.15) 0.12 0.012
Calcium mg/dl Intercept 8.33(7.92, 8.74) 0.21 - - <0.001

Group

RFG 0.22 (-0.05, 0.49) 0.14 9.13 (8.88,9.37) 0.12 0.103

RPFG 0.01 (-0.17, 0.19) 0.09 8.91 (8.77,9.05) 0.07 0.914

RNFG Ref - 8.90 (8.79, 9.02) 0.06

Diabetic status

No Ref - 9.03 (8.91, 9.15) 0.06

Yes -0.09 (-0.27, 0.07) 0.09 8.93(8.79,9.07) 0.07 0.263

Hypertension status

No Ref - 8.92 (8.79, 9.04) 0.06

Yes 0.13 (-0.04, 0.30) 0.09 9.04 (8.90, 9.19) 0.07 0.137
Sodium mEgq/1 Intercept 133.94 (132.09, 135.79) 0.93 - - <0.001

Group

RFG -0.72 (-1.92, 0.50) 0.61 136.27 (135.18, 137.36) 0.55 0.247

RPEG -0.48 (-1.30, 0.34) 0.42 136.50 (135.88, 137.13) 0.32 0.252

RNFG Ref - 136.98 (136,46, 137.51) 0.27

Diabetic status

No Ref - 137.73 (138.17, 138.29) 0.29

Yes -2.29 (-3.08, -1.51) 0.40 135.44 (134.80, 136.08) 0.32 <0.001

Hypertension status

No Ref - 136.50 (135.95, 137.05) 0.28

Yes 0.18 (-0.34, 1.30) 0.42 136.67 (136.04, 137.31) 0.32 0.252

(Continued)
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Table 2. (Continued)

Biochemical variable Predictor Variable Effect estimate (95% CI) SE of effect estimate | Mean (95% CI) SE of mean | P-value
Hemoglobin g/dl Intercept 10.86 (10.51, 11.21) 0.18 - - <0.001

Group

RFG 0.45 (-0.02, 0.92) 0.24 11.27 (10.84, 11.69) 0.22 0.061

RPFG 0.20 (-0.12, 0.52) 0.16 11.02 (10.77, 11.26) 0.12 0.217

RNFG Ref - 10.82 (10.61, 11.02) 0.10

Diabetic status

No Ref - 10.85 (10.64, 11.07) 0.11

Yes 0.36 (0.06, 0.66) 0.15 11.21 (10.96, 11.46) 0.13 0.019

Hypertension status

No Ref - 11.13 (10.92, 11.35) 0.11

Yes -0.20 (-0.50, 0.09) 0.15 10.93 (10.68, 11.18) 0.13 0.177
Erythrocyte count 1000/uL Intercept 3.78 (3.65, 3.91) 0.07 - - <0.001

Group

RFG <0.01 (-0.17, 0.17) 0.09 3.70 (3.54, 3.86) 0.08 0.987

RPFG -0.04 (-0.12, 0.52) 0.06 3.66 (3.57, 3.75) 0.05 0.512

RNFG Ref - 3.70 (3.62, 3.77) 0.04

Diabetic status

No Ref - 3.63 (3.55,3.71) 0.04

Yes 0.11 (-0.01, 0.22) 0.06 3.74 (3.65, 3.83) 0.05 0.060

Hypertension status

No Ref - 3.66 (3.58, 3.74) 0.04

Yes 0.04 (-0.07, 0.15) 0.06 3.70 (3.61, 3.80) 0.05 0.477
Platelets 1000/pL Intercept 202.78 (186.49, 219.08) 8.28 - - <.001

Group

RFG 1.64 (-21.71, 24.99) 11.86 205.40 (184.34, 226.36) 10.70 0.890

RPFG -5.65 (-21.38, 10.09) 7.99 198.11 (186.11, 210.11) 6.09 0.480

RNFG Ref - 203.76 (193.71, 213.80) 5.10

Diabetic status

No Ref - 194.60 (183.85, 205.35) 5.46

Yes -15.65 (-30.35, -0.95) 7.47 210.25 (198.04, 222.46) 6.20 0.037

Hypertension status

No Ref - 203.86 (193.29, 214.43) 5.37

Yes -2.87 (-11.55, 17.29) 7.32 200.99 (188.79, 213.18) 6.19 0.392

RFG, Ramadan fasting group; RPFG, Ramadan partial fasting group; RNFG, Ramadan non-fasting group; SE, Standard Error; CI, Confidence Interval; Ref, Reference

category.

* Effect estimates are adjusted for statistically significant predictors of clinical and biochemical parameters, including age, gender, duration on hemodialysis, and

education level.

https://doi.org/10.1371/journal.pone.0218745.t1002

non- diabetic patients (95% CI 0.25, 0.72; p <0.001). Diabetic patients had slightly higher
mean albumin by 0.12 g/dl than non-diabetic patients (95% CI 0.04, 0.20; p 0.004). Mean
serum creatinine was lower in diabetic patients than non-diabetic patients by 0.52 md/dl
(95% CI -0.97, -0.07; p 0.023). Additionally, mean sodium was slightly higher in diabetic
patients than non- diabetic patients by 2.29 mEq/1 (95% CI -3.08, -1.51; p <0.001). In addi-
tion, mean hemoglobin was slightly higher in patients with diabetes than non-diabetic
patients by 0.36 g/dl (95% CI 0.06, 0.66; p 0.019). Also, slight decrease in mean platelets by
15.65 1000/puL among diabetic patients as compared to those without diabetes (95% CI
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-30.35, -0.095; p 0.037). Similarly, hypertensive patients had slight increase in mean albu-
min, creatinine, urea, potassium, and phosphorus levels than patients without hypertension
(Table 2).

Discussion

The aim of this cohort study was to assess the effects of daily Ramadan fasting and partial
Ramadan fasting on key biochemical and clinical markers among hemodialysis patients in
comparison to hemodialysis patients who did not fast during Ramadan. After controlling

for within person variation, sociodemographic and significant comorbidities (diabetic and
hypertension status), we found no clinically significant differences between Ramadan fasting
groups in means of the majority of biochemical variables including serum albumin, creati-
nine, blood urea nitrogen, phosphorus, calcium, sodium, hemoglobin, erythrocytes count,
and platelets count. This accord with the findings of prior studies suggesting that, on average,
Ramadan fasting by hemodialysis patients is not associated with significant clinical changes
in key biochemical parameters [3, 21, 24]. The current study found that RFG and RPFG had
slightly higher mean IDWG by 0.6 kg and 0.4 kg than RNFG, respectively. Prior studies have
shown mixed findings with respect to the effect of Ramadan fasting on IDWG in hemodialy-
sis patients. One study reported that Ramadan fasting was associated with increase in mean
IDWG by 0.6 kg among Saudi hemodialysis patients [20]. Other studies reported that Rama-
dan fasting was associated with either decrease or no significant difference in IDWG |3, 22,
24, 25]. The underlying mechanisms for our observation of increasing mean IDWG in

RFG and RPFG is not clear, as our study did not collect dietary information. However, the
increase in IDWG may be explained by increase in fluid intake by patients after breaking
their fast and during the night [1, 20]. For example, one study reported that some hemodialy-
sis patients consumed over three liters of water and other beverages from sunset to dawn
[20]. Our finding of increased mean IDWG by 0.5 kg in diabetic patients as compared to
patients without diabetes, independent of Ramadan fasting status, may be attributed to oral
dryness and higher hemoglobin Alc level [26]. The present study found a significant increase
in mean serum potassium in RFG than that of RNFG suggesting that hemodialysis patients
fasting daily during Ramadan may be at risk of hyperkalemia. Although, this finding differs
from some previous studies [3, 21-24], which showed no significant changes in serum potas-
sium due to Ramadan fasting in hemodialysis patients, it is consistent with the findings of
another study from KSA by Al-Khader and colleagues [20]. However, no adverse effects
related to hyperkalemia were reported by that study [20]. The reason for increase in serum
potassium in RFG in the current study is not clear. However, one potential explanation is
increased consumption of Ramadan’s festive foods rich in potassium (e.g. dates, apricot,
watermelon, sweets, carbonated soft drinks, squash, tea and coffee), which is traditional in
Palestine and other middle eastern countries [3, 10, 20, 24]. Another explanation is insulin
suppression due to fasting (insuliopenia), causing shift of potassium from the intracellular to
the extracellular space [27, 28].

Although the evidence from this study suggests that Ramadan fasting by hemodialysis
patients is not associated with clinically significant complications, it highlights that these
patients may be at risk of hyperkalemia and fluid overload. Therefore, hemodialysis patients
who intend to fast during Ramadan should be made aware of these potential complications.
Additionally, these patients should be monitored closely for signs and symptoms of hyperkale-
mia and fluid overload. They should also be advised to avoid exceeding their daily fluid allow-
ance and limit their intake of food rich in potassium.
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Strengths and limitations

This study included relatively a large number of patients undergoing hemodialysis at An-Najah
National University Hospital. The number of hemodialysis patients in this unit represents about
20% of all hemodialysis patients in the West Bank, Palestine [29]. So, the demographic, clinical,
and biochemical characteristics of included hemodialysis patients are likely to be generalizable
to hemodialysis population in Palestine. Another important strength of the study is that the
effects of Ramadan fasting on biochemical markers was estimated using RFG, RPFG, and RNFG
cohorts. This information is useful for hemodialysis patients considering full or partial Ramadan
fasting. Another strength is that biochemical markers were measured before, during, and after
Ramadan. Additionally, we used repeated measured with mixed models to account for within-
person variation in biochemical markers, and the findings are independent of key demographic
and clinical characteristics of hemodialysis patients. In addition, our study was conducted in the
summer (May-June, 2018), when the weather is hot and relatively dry in Nablus region, which
provides some reassurance about the tolerability of Ramadan fasting by hemodialysis patients at
this time of the year. However, this may not generalize to other regions with longer duration of
Ramadan fasting and different temperature and humidity conditions. Another important limita-
tion of our study is that we did not measure or account for potential effects of dietary changes
during Ramadan or dietary habits more generally on biochemical markers. One more limitation
is that our study did not collect information on some adverse events (such as emergency visits
or hospital admissions). However, prior studies have shown that occurrence of such adverse
events is low among hemodialysis patients fasting during Ramadan [3, 20, 21]. More research
with appropriate dietary measures and information on adverse events among hemodialysis
patients fasting during Ramadan is needed to help clinicians provide appropriate and safe rec-
ommendations for hemodialysis patients considering full or partial Ramadan fasting.

Conclusions

This study adds further evidence that Ramadan fasting, fully or partially, is tolerable and is

not associated with significant clinical complications in hemodialysis patients. However, these
patients are at risk of fluid overload and hyperkalemia. Therefore, they should be closely moni-
tored and instructed to adhere to their daily fluid allowance and limit their consumption of
food rich in potassium. Further prospective cohort studies with dietary and adverse events
measures may provide clearer evidence about the tolerability and safety of full or partial Rama-
dan fasting by hemodialysis patients.

Supporting information

S1 File. All data underlying the findings.
(XLSX)

Acknowledgments

We thank the participating patients and the nursing staff in the hemodialysis unit at An-Najah
National University Hospital for making the study possible. The authors would like to thank
Ms. Eman Abusalameh for her valuable linguistic comments.

Author Contributions

Conceptualization: Emad Khazneh, Jamal Qaddumi, Zakaria Hamdan, Asmaa Sbitany,
Kamel Jebrin, Osama Sawalmeh, Mujahed Shraim.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218745 June 24, 2019 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218745.s001
https://doi.org/10.1371/journal.pone.0218745

@ PLOS|ONE

Effects of Ramadan fasting on hemodialysis patients

Data curation: Emad Khazneh, Zakaria Hamdan, Falasteen Qudaimat, Asmaa Sbitany,
Osama Sawalmeh, Yousef Abuiram.

Formal analysis: Jamal Qaddumi, Asmaa Sbitany, Osama Sawalmeh, Mujahed Shraim.
Investigation: Osama Sawalmeh.

Methodology: Emad Khazneh, Jamal Qaddumi, Falasteen Qudaimat, Asmaa Sbitany, Kamel
Jebrin, Osama Sawalmeh, Mujahed Shraim.

Software: Mujahed Shraim.
Supervision: Emad Khazneh, Jamal Qaddumi, Zakaria Hamdan, Kamel Jebrin.
Validation: Jamal Qaddumi, Yousef Abuiram.

Writing - original draft: Emad Khazneh, Jamal Qaddumi, Falasteen Qudaimat, Asmaa Sbi-
tany, Kamel Jebrin, Osama Sawalmeh, Mujahed Shraim.

Writing - review & editing: Emad Khazneh, Jamal Qaddumi, Zakaria Hamdan, Falasteen
Qudaimat, Asmaa Sbitany, Kamel Jebrin, Osama Sawalmeh, Yousef Abuiram, Mujahed
Shraim.

References

1. Rashed AH. The fast of Ramadan. BMJ. 1992; 304(6826):521-2. https://doi.org/10.1136/bmj.304.
6826.521 PMID: 1559053.

2. The Quran. Chapter 2, verses 183—185.

3. AlWakeel JS. Kidney function and metabolic profile of chronic kidney disease and hemodialysis
patients during Ramadan fasting. Iran J Kidney Dis. 2014; 8(4):321-8. PMID: 25001139.

4. Cheah SH, Ch'ng SL, Husain R, Duncan MT. Effects of fasting during Ramadan on urinary excretion in
Malaysian Muslims. Br J Nutr. 1990; 63(2):329-37. PMID: 2334668.

5. Sliman NA, Khatib FA. Effect of fasting Ramadan on body weight and some blood constituents of
healthy Muslims. Nutrition reports international. 1998; 38(6):1299-306.

6. Nomani MZ, Hallak MH, Nomani S, Siddiqui IP. Changes in blood urea and glucose and their associa-
tion with energy-containing nutrients in men on hypocaloric diets during Ramadan fasting. Am J Clin
Nutr. 1989; 49(6):1141-5. https://doi.org/10.1093/ajcn/49.6.1141 PMID: 2729153.

7. Kordy MT, Abdel Gader AG. The effect of fasting in Ramadan on hemostatic variables. Ann Saudi Med.
1991; 11(1):23-7. https://doi.org/10.5144/0256-4947.1991.23 PMID: 17588049.

8. Laajam MA. Ramadan fasting and non-insulin-dependent diabetes: effect on metabolic control. East Afr
Med J. 1990; 67(10):732-6. PMID: 2282897.

9. Prentice AM, Prentice A, Lamb WH, Lunn PG, Austin S. Metabolic consequences of fasting during
Ramadan in pregnant and lactating women. Hum Nutr Clin Nutr. 1983; 37(4):283-94. PMID: 6643131.

10. Azizi F. Islamic fasting and health. Ann Nutr Metab. 2010; 56(4):273-82. Epub 2010/04/24. https://doi.
org/10.1159/000295848 PMID: 20424438.

11. Azizi F. Research in Islamic fasting and health. Ann Saudi Med. 2002; 22(3—4):186—91. https://doi.org/
10.5144/0256-4947.2002.186 PMID: 17159392.

12. Trepanowski JF, Bloomer RJ. The impact of religious fasting on human health. Nutr J. 2010; 9:57. Epub
2010/11/22. https://doi.org/10.1186/1475-2891-9-57 PMID: 21092212.

13.  Kul S, Savas E, Oztiirk ZA, Karadag G. Does Ramadan fasting alter body weight and blood lipids and
fasting blood glucose in a healthy population? A meta-analysis. J Relig Health. 2014; 53(3):929—42.
https://doi.org/10.1007/s10943-013-9687-0 PMID: 23423818.

14. Alkandari JR, Maughan RJ, Roky R, Aziz AR, Karli U. The implications of Ramadan fasting for human
health and well-being. J Sports Sci. 2012; 30 Suppl 1:S9-19. Epub 2012/06/29. https://doi.org/10.1080/
02640414.2012.698298 PMID: 22742901.

15. Al Suwaidi J, Zubaid M, Al-Mahmeed WA, Al-Rashdan |, Amin H, Bener A, et al. Impact of fasting in
Ramadan in patients with cardiac disease. Saudi Med J. 2005; 26(10):1579-83. PMID: 16228059.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218745 June 24, 2019 10/11


https://doi.org/10.1136/bmj.304.6826.521
https://doi.org/10.1136/bmj.304.6826.521
http://www.ncbi.nlm.nih.gov/pubmed/1559053
http://www.ncbi.nlm.nih.gov/pubmed/25001139
http://www.ncbi.nlm.nih.gov/pubmed/2334668
https://doi.org/10.1093/ajcn/49.6.1141
http://www.ncbi.nlm.nih.gov/pubmed/2729153
https://doi.org/10.5144/0256-4947.1991.23
http://www.ncbi.nlm.nih.gov/pubmed/17588049
http://www.ncbi.nlm.nih.gov/pubmed/2282897
http://www.ncbi.nlm.nih.gov/pubmed/6643131
https://doi.org/10.1159/000295848
https://doi.org/10.1159/000295848
http://www.ncbi.nlm.nih.gov/pubmed/20424438
https://doi.org/10.5144/0256-4947.2002.186
https://doi.org/10.5144/0256-4947.2002.186
http://www.ncbi.nlm.nih.gov/pubmed/17159392
https://doi.org/10.1186/1475-2891-9-57
http://www.ncbi.nlm.nih.gov/pubmed/21092212
https://doi.org/10.1007/s10943-013-9687-0
http://www.ncbi.nlm.nih.gov/pubmed/23423818
https://doi.org/10.1080/02640414.2012.698298
https://doi.org/10.1080/02640414.2012.698298
http://www.ncbi.nlm.nih.gov/pubmed/22742901
http://www.ncbi.nlm.nih.gov/pubmed/16228059
https://doi.org/10.1371/journal.pone.0218745

@ PLOS|ONE

Effects of Ramadan fasting on hemodialysis patients

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Abdalla AH, Shaheen FA, Rassoul Z, Owda AK, Popovich WF, Mousa DH, et al. Effect of Ramadan
fasting on Moslem kidney transplant recipients. Am J Nephrol. 1998; 18(2):101—4. https://doi.org/10.
1159/000013316 PMID: 9569950.

Miladipour AH, Shakhssalim N, Parvin M, Azadvari M. Effect of Ramadan fasting on urinary risk factors
for calculus formation. Iran J Kidney Dis. 2012; 6(1):33-8. PMID: 22218117.

Matter YE, Sheashaa HA, Refaie AF. Effect of Ramadan fasting on patients with different kidney dis-
eases: An updated review. Journal of The Egyptian Society of Nephrology and Transplantation. 2018;
18(1):1-5.

Einollahi B, Shahyad S, Lotfiazar A. Re: Clinical and Biochemical Parameters of Hemodialysis Patients
before and during the Islamic Ramadan Month. Iran J Kidney Dis. 2017; 11(2):168. PMID: 28270651.

Al-Khader AA, Al-Hasani MK, Dhar JM, Al-Sulaiman M. Effect of diet during Ramadan on patients on
chronic haemodialysis. Saudi Medical Journal. 1991; 12(1):30—1.

Imtiaz S, Salman B, Dhrolia MF, Nasir K, Abbas HN, Ahmad A. Clinical and Biochemical Parameters of
Hemodialysis Patients Before and During Islamic Month of Ramadan. Iran J Kidney Dis. 2016; 10
(2):75-8. PMID: 26921748.

Wan Md Adnan WA, Zaharan NL, Wong MH, Lim SK. The effects of intermittent fasting during the
month of Ramadan in chronic haemodialysis patients in a tropical climate country. PLoS One. 2014; 9
(12):e114262. Epub 2014/12/29. https://doi.org/10.1371/journal.pone.0114262 PMID: 25546434.

Megahed AF, El-Kannishy G, Sayed-Ahmed N. Status of fasting in Ramadan of chronic hemodialysis
patients all over Egypt: A multicenter observational study. Saudi J Kidney Dis Transpl. 2019; 30(2):339—
49. https://doi.org/10.4103/1319-2442.256841 PMID: 31031370.

Alshamsi S, Binsaleh F, Hejaili F, Karkar A, Moussa D, Raza H, et al. Changes in biochemical, hemody-
namic, and dialysis adherence parameters in hemodialysis patients during Ramadan. Hemodial Int.
2016; 20(2):270-6. Epub 2015/09/29. https://doi.org/10.1111/hdi. 12369 PMID: 26420510.

Imtiaz S, Nasir K, Dhrolia MF, Hussain M, Abbas HN, Ahmad A. Mortality trend among hemodialysis
patients during the islamic month of Ramadan: a 24 years retrospective study. J Coll Physicians Surg
Pak. 2015; 25(3):189-92. PMID: 25772959.

Sung JM, Kuo SC, Guo HR, Chuang SF, Lee SY, Huang JJ. The role of oral dryness in interdialytic
weight gain by diabetic and non-diabetic haemodialysis patients. Nephrol Dial Transplant. 2006; 21
(9):2521-8. Epub 2006/05/23. https://doi.org/10.1093/ndt/gfl236 PMID: 16720594.

Gifford JD, Rutsky EA, Kirk KA, McDaniel HG. Control of serum potassium during fasting in patients
with end-stage renal disease. Kidney Int. 1989; 35(1):90—4. PMID: 2651754.

Dumbauld SL, Rutsky EA, McDaniel HG. Carbohydrate metabolism during fasting in chronic hemodialy-
sis patients. Kidney Int. 1983; 24(2):222—-6. PMID: 6355615.

Palestinian Health Information Center. Health annual report: Palestine 2016. Ramallah: Palestinian
Health Information Center, 2017.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218745 June 24, 2019 11/11


https://doi.org/10.1159/000013316
https://doi.org/10.1159/000013316
http://www.ncbi.nlm.nih.gov/pubmed/9569950
http://www.ncbi.nlm.nih.gov/pubmed/22218117
http://www.ncbi.nlm.nih.gov/pubmed/28270651
http://www.ncbi.nlm.nih.gov/pubmed/26921748
https://doi.org/10.1371/journal.pone.0114262
http://www.ncbi.nlm.nih.gov/pubmed/25546434
https://doi.org/10.4103/1319-2442.256841
http://www.ncbi.nlm.nih.gov/pubmed/31031370
https://doi.org/10.1111/hdi.12369
http://www.ncbi.nlm.nih.gov/pubmed/26420510
http://www.ncbi.nlm.nih.gov/pubmed/25772959
https://doi.org/10.1093/ndt/gfl236
http://www.ncbi.nlm.nih.gov/pubmed/16720594
http://www.ncbi.nlm.nih.gov/pubmed/2651754
http://www.ncbi.nlm.nih.gov/pubmed/6355615
https://doi.org/10.1371/journal.pone.0218745

